A collection of fungal isolates was obtained from a complex microbial mat, which occupied an iron-rich freshwater spring that feeds into Clear Creek, Golden, Colorado, USA. Two of the fungal isolates, a Glomeromycete (possibly Entrophospora sp.) and a Dothideomycete (possibly Phaeosphaeria sp.), were investigated for bioactive secondary metabolites. In total, six new compounds consisting of clearanols A-E (5, 6, 10-12) and disulochrin (7) were purified and their structures were determined. Disulochrin exhibited modest antibacterial activity against methicillin-resistant Staphylococcus aureus, whereas clearanol C showed weak inhibitory activity against Candida albicans biofilm formation.
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Polymicrobial biofilms and mats are found in many natural settings at the interfaces between liquids and solid substrates. [1] [2] [3] [4] [5] Recognizing that these types of environments may provide ideal conditions for promoting interspecies metabolic exchange within and between all three domains of life, 6 we have sampled a limited number of naturally-occurring microbial mats for new secondarymetabolite-producing fungi. During the summer of 2010, one of the many springs that feed into Clear Creek near Golden, CO, USA (39°45 0 15.0 00 North, 105°13 0 39.9 00 West, elevation 1729 m) was host to a luxuriant microbial mat that appeared bright green due to an abundance of photosynthetic algae and cyanobacteria. However, by early autumn, the mat had developed an intense orange hue as iron-oxidizing Gallionella 7 became dominant in the iron-rich waters of the spring (4-7 mg/L iron in the spring versus 0.01-1.4 mg/L within the creek). Closer inspection of the mat revealed that a biodiverse mixture of other bacteria, as well as Archaea and Eukarya was present and a sample was collected for the purpose of procuring fungal isolates. In this Letter, we describe the structure assignments and bioassay screening results for metabolites purified from two fungal isolates obtained from the Clear Creak microbial mat. The results from this investigation provide compelling evidence that naturally-occurring microbial communities offer unique opportunities for obtaining fungi that generate new bioactive compounds.
The Clear Creek mat sample was mechanically disrupted and aliquots of the microbial suspension were placed on Petri plates containing either Czapek or soil-extract agar with chloramphenicol. After two weeks of incubation at room temperature, fungal colonies were transferred to Czapek agar plates. This afforded 32 fungal isolates (20 from Czapek agar and 12 from soil-extract agar) that appeared distinct based on gross morphological features. Small-scale shake-flask cultures of the isolates were prepared and extracted with ethyl acetate. Upon removal of the solvent, the remaining organic residues were tested in our assay panel for antibacterial, antifungal, cancer cell cytotoxicity, and inhibition of Candida biofilm formation. The fungal isolates were also subjected to sequencing of their nuclear ribosomal internal transcribed spacer (ITS) regions. BLAST searches performed on the sequence data revealed that the majority of the fungi were taxonomically affiliated with isolates that were scantily studied or had not been subjected to prior analyses of their secondary metabolites (based on queries of the SciFinder Ò and Dictionary of Natural Products Ò breakfast cereal supplemented with a 0.3% sucrose solution. The fungal cultures were extracted with MeOH to give a dark reddish-rust colored extract that was subjected to a combination of silica gel chromatography and C18 HPLC. This provided several known compounds in substantial quantities including sulochrin (1) (218 mg), hydroxysulochrin (2) (12 mg), questinol (3) (57 mg), questin (4) (11 mg), and three new compounds (5-7) (Fig. 1) .
Compound 5 (30 mg) 8 ( Fig. 1 2) were instrumental in piecing together compound 5 as the only reasonable planar structure for this metabolite. The structure of 5 was later confirmed by single crystal X-ray diffraction, 9 which also supported a 7R absolute configuration for the metabolite ( Fig. 3 ) (determined by Hooft parameter, refer to the Supplementary data for additional details). Examination of the SciFinder database revealed that although the planar version of this compound had been previously assigned a CAS registry number (1235630-76-8), no references were available concerning its spectroscopic properties or synthetic/biosynthetic origins. We have given compound 5 the trivial name clearanol A.
Compound 6 (0.7 mg) 10 ( Fig. 1 ) exhibited 1 H and 13 C NMR data that were similar to those acquired for 5; however, the HRESIMS data revealed that this metabolite possessed one additional degree of unsaturation (m/z 247.0573 [M+Na] + , calcd for C 11 H 12 O 5 Na 247.0582). The downfield shift of C-5 from d 55.9 in 5 to d 87.7 in 6 indicated that the C-7 hydroxyl group formed a new ether linkage to C-5 resulting in a dioxygenated carbon atom. This was readily confirmed with the appearance of two new 3 J H-C HMBC correlations extending from H-5 to C-7 (Fig. 2) . Compound 6 has been given the trivial name clearanol B. The metabolite degraded upon storage and consequently its relative/absolute configuration was not investigated.
A molecular formula of C 35 H 32 O 14 was established for compound 7 (7 mg) 11 ( Fig. 1 product of the demethoxy sulochrin analog, acremonidin E. 12 Metabolite 7 has been assigned the trivial name disulochrin.
The Dothideomycete isolate was grown on Cheerios Ò supplemented with a 3% sucrose solution and the cultures were extracted with ethyl acetate to afford a brown gummy extract. The extract was subjected to Sephadex LH-20 chromatography and C18 HPLC. This provided five metabolites, two of which were identified by dereplication. Compound 8 (5 mg) was determined to be (R)-4, 8-dihydroxy-6-methoxy-4,5-dimethyl-3-methyleneisochroman-1-one 13, 14 and 9 (20 mg) was identified as (R)-7-hydroxy-3-((S)-1-hydroxyethyl)-5-methoxy-3,4-dimethylisobenzofuran-1(3H)-one. 14 The absolute configurations of the metabolites were confirmed by comparison of their circular dichroism data to those reported by Tayone et al. 14 Compound 10 (3 mg) 15 was assigned the molecular formula C 13 C NMR data for 10 and 8 suggested that these metabolites were structurally related. However, a notable difference between the two metabolites concerned C-8 which was shifted upfield from d 72.1 in 8 to d 36.0 in 10. In addition, the 1 H-13 C HSQC experiment demonstrated that the C-8 quaternary carbon in 8 was a methine in 10. These data indicated that 10 was the C-8 de-hydroxy analog of metabolite 8. Subsequent analysis of all the 1 H- 13 C HMBC correlation data led to the assignment of the planar structure of 10 (Fig. 2) . We have given compound 10 the name clearanol C.
Compounds 11 16 and 12 17 were obtained as a 1:1 mixture (39 mg) of structurally-related metabolites that resisted chromatographic separation by C18 HPLC with aqueous MeOH and acetonitrile. However, examination of the mixture by 1 H and 13 C NMR led us to conclude that the structures of both metabolites could be deduced in their combined form. HRESIMS performed on the mixture yielded a single peak at m/z 291.0839 [M+Na] + , which represented a molecular formula of C 13 H 16 O 6 , (calcd for C 13 H 16 O 6 Na, 291.0845) for both compounds. In view of the identical molecular formulae and very similar NMR data for these metabolites, it was deduced that 11 and 12 represented a diastereomeric mixture. We also noted that 11 and 12 showed considerable similarity to 9 with the following exceptions: the highfield C-10 methyl doublet protons found in 9 (d 0.86, J = 6.3 Hz) were missing and instead were replaced by downfield diastereotopic methylene double doublets in 11 (d 3.83, J = 11.3, 3.5 Hz and d 3.53, J = 11.3, 8.2 Hz) and 12 (d 3.34, J = 11.3, 8.6 Hz and d 3.14, J = 11.3, 2.7 Hz). This suggested that the additional oxygen atoms in the molecular formulae of 11 and 12 were accounted for by new C-10 hydroxyl groups. 1 H-13 C HMBC correlations from the C-10 protons of both compounds to their respective C-8 and C-9 carbon atoms (Fig. 2) confirmed these assignments. Further analysis of the 1 H-13 C HMBC correlation data for both metabolites provided verification of the planar structures of 11 and 12 and we have given these compounds the trivial names clearanols D and E, respectively.
All compounds were tested in bioassays that were performed as previously described. 18, 19 Compound 7 exhibited modest activity against methicillin-resistant Staphylococcus aureus (ATCC 700787) by completely inhibiting its growth at a concentration of 100 lg/ mL; however, growth was not restricted at 10 lg/mL. None of the other compounds inhibited the growth of S. aureus or Klebsiella pneumoniae (ATCC 51503). Metabolite 10 demonstrated modest growth inhibition effects against polyene-resistant Candida albicans (ATCC 38245) and Aspergillus fumigatus (FGSC A1100) by reducing growth 61% and 62%, respectively, at 100 lg/mL. 
